Abstract. Hepatic stellate cells (HSCs) play a pivotal role in hepatic fibrogenesis, and are considered a cellular target for therapeutic intervention. We recently established that a 2.2-kb hGFAP (human glial fibrillary acidic protein) promoter could be used to specifically target cultured HSCs. In the current study, we aimed to investigate whether the same transgene (2.2-kb hGFAP-lacZ) can be used as a biomarker for studying the inhibition of HSC activation. HSC-T6 cells stably transfected with the transgene were treated with two natural anti-fibrotic compounds, epigallocatechin gallate (EGCG) and genistein separately. Results showed that both transgenic ß-galactosidase activity and endogenous GFAP expression (mRNA and protein) were attenuated by EGCG or genistein treatment in a dose-and time-dependent manner. Our data further demonstrated that the suppression of fibrogenic endpoints was primarily mediated through the inhibition of AP-1 signaling (and to a lesser degree through the NFκB pathway) onto the GFAP promoter. In conclusion, the current findings provide a proof-of-concept for using GFAP for studying HSC activation and inhibition. It could be envisioned that a HSCbased high-throughput system can be constructed using the GFAP promoter in conjunction with a real-time reporter for the screening of anti-fibrotic and anti-inflammatory agents.
Introduction
Hepatic stellate cells (HSCs) play a critical role in hepatic fibrogenesis during chronic liver injuries inflicted by diverse insults. Much of the molecular mechanisms leading to hepatic fibrosis have been elucidated in the past two decades. Particularly the elevation of key pro-fibrotic cytokines, such as transforming growth factor (TGF-ß1) and platelet-derived growth factor (PDGF-BB), has been recognized as a major factor for mediating hepatic fibrosis (1) .
We recently demonstrated that the GFAP promoter was not only capable of directing HSC-specific expression, but also responding to TGF-ß1 by up-regulating transgene expression (2) in the rat HSC-T6 cell line (3) . To investigate whether the same transgene is further capable of reporting suppression of HSC activation, the same cell clone (T6/GFAP-lacZ) was treated with two natural compounds (EGCG and genistein), which were known to have inhibitory effects on HSC activation and proliferation (4, 5) . Results showed that transgene expression, as well as endogenous GFAP gene expression, were significantly suppressed by EGCG or genistein treatment in a dose-and time-dependent manner. Furthermore HSC activation induced by TGF-ß1 or PDGF-BB (as judged by the up-regulation of both transgenic and endogenous GFAP expression) was substantially attenuated by EGCG or genistein. In reference, the traditional biomarker for HSC activation was also suppressed by EGCG or genistein in the T6/GFAP-lacZ cells. Thus the current findings extended the utilities of the transgenic GFAP-lacZ surrogate from being a highly specific maker for HSCs (2) to a quantitative biomarker for studying the HSC activation and inhibition during fibrogenesis and reversion.
Materials and methods
Cell culture. The rat HSC-T6 cell line (3) was previously transfected with a GFAP-lacZ reporter transgene and resulted in a stable clone termed T6/GFAP-lacZ (2) , which was used in all experiments in the current study. The cell method, medium and reagents used were essentially as previously described (2) .
Cell treatment with TGF-ß1, PDGF-BB, EGCG and genistein.
EGCG (cat. no. E4143) and genistein (cat. no. G6649) were purchased from Sigma Chemicals (St. Louis, MO, USA) and used without further purification. Stock solutions were prepared in DMSO. The final DMSO concentration in the culture medium was kept below 0.2%. Recombinant human TGF-ß1 and PDGF-BB were purchased from BioVision (CA, USA). Cells were initially seeded in 12-well plates in DMEM supplemented with 10% FBS and weaned to low serum (0.5% FBS) DMEM at a confluence of 70-80% for an additional 12 h of adaptation. Cells were then incubated with different concentrations of compounds for various time points before being assayed for ß-galactosidase activity, GFAP mRNA and various protein expression. For compound attenuation studies, cells were treated with a pro-fibrotic cytokine (TGF-ß1 or PDGF-BB) either sequentially or concurrently with a compound (EGCG or genistein). In the sequential scheme, cells were first treated with a cytokine for 1-3 days, then the cytokine-containing culture medium was replaced with a fresh medium containing a particular compound for various time points. Details of the cytokine/ compound treatments are described in the individual figure legends.
X-gal staining and quantification of ß-galactosidase activity.
In situ expression of GFAP-lacZ transgene was detected by an assay kit from InvivoGen (CA, USA). Staining results were documented with a digital camera (DP12) attached to an Olympus inverted bright field microscope (IX51) after development for 60 min. For quantitative study, ß-galactosidase activity in the cell extracts was measured using a chemiluminescent assay kit (Roche, Mannheim, Germany) in a 96-well plate format, according to the manufacturer's instructions. Briefly, cells were washed twice with ice-cold 1X PBS (pH 7.4), lysed for 30 min at room temperature in the lysis buffer, and the supernatant was collected for assay. The protein concentration was determined with a BCA protein assay kit (Pierce, IL, USA). Specific ß-galactosidase activity was obtained by normalizing against the total cellular protein content.
Real-time RT-PCR for endogenous rat GFAP mRNA. Total RNA was extracted using a NucleoSpin RNA II kit (MachereyNagel, Germany) and quantified by an ND-100 spectrophotometer (Nanodrop Technologies, DE, USA). Total RNA was firstly reverse transcribed to cDNA using Taqman's reverse transcription reagent (Applied Biosystems, CA). A total of 200 ng RNA in 7.7 μl of nuclease-free water was added to 2 μl 10X reverse transcriptase buffer, 4.4 μl 25 mM magnesium chloride, 4 μl deoxyNTP mixtures, 1 μl random hexamers, 0.4 μl RNase inhibitor and 0.5 μl reverse transcriptase (50 U/μl) in a final reaction volume of 20 μl. The reaction was performed for 10 min at 25˚C (annealing), 30 min at 48˚C (cDNA synthesis) and 5 min at 95˚C (enzyme denaturation).
Real-time quantitative PCR was carried out with an ABI 7500 fast real-time PCR system (Applied Biosystems, CA). Sample cDNA (2 μl) was used in each PCR reaction, with ß-actin gene as a reference for normalization. Primers and probes for rat ß-actin and GFAP were ordered from Taqman's assay-on-demand database. The PCR reaction was performed under default profile consisting of 95˚C for 20 sec (enzyme denaturation) and 40 cycles of amplification (denaturation of 3 sec, annealing and extension of 30 sec). Some of the real-time RT-PCR products were separated on agarose gel for visual confirmation of discrete products (data not shown).
Relative quantitation of target mRNA was calculated using the comparative threshold cycle (C T ) method as described in User bulletin #2 (ABI PRISM 7700 sequence detection system). C T indicates the fractional cycle number at which the amount of amplified target reaches a fixed threshold within Table I. DNA oligonucleotide sequences for EMSA.  -----------------------------------------------------------------------------------------------------Sites Oligo names Sequences References 
AP-1 and NFκB consensuses are underlined, and the NF-1 site is in bold italics. the linear phase of gene amplification. ΔC T , which reflects the difference between C T target and C T ß-actin, is inversely correlated to the abundance of mRNA transcripts in the samples. ΔC T for each sample was normalized against the control experiment or calibrator and expressed as ΔΔC T . Relative quantitation is given by 2 -ΔΔCT to express the upregulation or down-regulation of the target gene under the treatments compared to the control.
Western blotting. For GFAP blotting, protein extracts were prepared by lysing the cell pellet in 10 volumes of boiled 1% SDS (90-95˚C) for 10 min and quantified by a BCA kit (Pierce). Nuclear and cytoplasmic proteins were extracted using NE-PER nuclear and cytoplasmic extraction reagents from Pierce and quantified by the BCA method. Nuclear proteins were used for blotting transcription factor protein while cytoplasmic protein was used for blotting SMAA. 
Electrophoretic mobility shift assay (EMSA).
Oligonucleotide sequences used for EMSA are listed in Table I . Singlestranded oligos were end biotinylated by using a Biotin 3' end labeling kit (Pierce). Reaction mix was prepared by mixing 100 nM oligo in 35 μl ultrapure water, 5 μl of 5X TdT reaction buffer, 5 μl of 5 μM biotin-11-UTP and 5 μl of 2 U/μl TdT in a final 50 μl volume and incubated at 37˚C for 30 min. After the reaction was stopped by 2.5 μl 0.2 M EDTA, 50 μl chloroform:isoamyl alcohol was added to the reaction mix to extract the TdT. The aqueous phase containing biotin-labeled oligo was collected after centrifugation at high speed for 2 min. For EMSA application, biotin-labeled single-stranded oligos were annealed to double-stranded oligos by mixing an equal amount of labeled complementary oligos and incubating for 1 h at room temperature. EMSA assay was performed using Pierce's LightShift chemiluminescent EMSA kit (Pierce) according to the manufacturer's instructions. A complete reaction included addition of a) 20 fmol biotin-labeled oligo alone, which determined the position of an unshifted probe band; b) 20 fmol biotin-labeled oligo and 10 μg nuclear protein extract, which detected the shifted probe band by protein-oligo binding and c) biotin-labeled oligo, 5-10 μg nuclear protein extract and 200-fold molar excess of unlabeled oligo, which demonstrated that the shift observed in b was prevented by competition from excess non-labeled oligo. Binding reaction was carried out in a reaction buffer containing 10% glycerol and 50 ng/μl poly (dI dC) at room temperature for 20 min. The reaction mix was then resolved in pre-cast 6% DNA retardation gel (Invitrogen) by electrophoresis in TBE under 100 V, transferred and immobilized on a nylon membrane by UV cross-linking. Finally, protein-oligonucleotide binding was detected through the biotin tag, which was recognized by 1:300 diluted streptavidin-horseradish peroxidase conjugate and recorded on X-ray film by chemiluminescence.
Statistical analysis.
All quantitative results were presented as mean ± SEM. Experimental data were analyzed using two-tailed Student's t-test assuming unequal variances. A P-value =0.05 was considered statistically significant.
Results

EGCG and genistein inhibited HSC-T6 cell proliferation.
EGCG is a major catechin from green tea leaves associated with a wide range of beneficial activities including antioxidation, anti-inflammation and anti-fibrosis, whereas genistein is a major flavonoid found abundantly in soy bean with anti-tumor and pro-apoptotic activities. Their chemical structures are illustrated in Fig. 1 . Several reports have shown that these two compounds inhibited cell proliferation of HSCs at different activation or transformation statuses (4-7). To ensure that the observed responsive characteristics were preserved in the transformed T6/GFAP-lacZ cells (2), cells were treated with 25 μM of EGCG or 40 μM of genistein for 24 h in low serum (0.5% FBS) DMEM. Then the cells were fixed and stained with X-gal substrate for 60 min prior to photography. It was apparent that cells treated with EGCG ( Fig. 3B ) and genistein ( Fig. 3C ) displayed significant proliferation inhibition, as evident by fewer cells as compared to the control (Fig. 3A) . IC50 values of EGCG and genistein for inhibiting the cell proliferation were determined to be 31 μM and 25 μM respectively in low serum (0.5% FBS) medium (Fig. 2) , by using a tetrazolium-based MTS proliferation assay kit (Promega, WI, USA). The EGCG IC50 value obtained for the T6/GFAP-lacZ cells was in a comparable range to those reported for the activated (8) and immortalized human HSCs (9), and for the primary rat HSCs (4,6). However our genistein IC50 value for the T6/GFAP-lacZ cells was three times lower than that for T6 cells cultured in DMEM containing 10% FBS (7). Our additional data also confirmed that no significant difference in IC50 value was observed between the T6 and the T6/GFAP-lacZ cells (data not shown).
EGCG suppressed GFAP expression. No background endogenous ß-galactosidase activity was detected by using a chemiluminescent assay kit in untransfected T6 cell extracts (data not shown). In contrast, significant ß-galactosidase activity was reliably detected in the T6/GFAP-lacZ cells (Fig. 4A) . Interestingly, a rapid and significant suppression of the transgene expression (representing 82 or 55% of the control respectively) was observed in cells treated with 5 μM or 20 μM of EGCG for merely 2 h. The initial suppression seemed to be transient by nature, since the only suppression (at 73% of the control level) observed at the 4-h time point was caused by the treatment with 20 μM of EGCG, the highest concentration used in this particular experiment. When the treatment was prolonged to 24 h, the EGCG inhibitory effect was completely abolished for all dosages. The mechanism for the observed phenomenon was not clear, but was probably due to the rapid depletion of active EGCG metabolite(s) by cellular metabolism and/or cellular adaptation. It has been reported that EGCG half-life in human plasma is about 5 h (10). Another interesting feature was that the maximum suppression of GFAP-lacZ transgene (55% of the control) by EGCG was observed after 2 h of incubation (Fig. 4A) , whereas the maximum suppression on the endogenous GFAP (39% of the control) was seen at 24 h after compound addition (Fig. 4B) . Similarly, the expression of the transgene returned to the non-treated level earlier than that of the endogenous GFAP. Previously, an earlier response by the same transgene was also noted for the TGF-ß1 induction (2) . The EGCG dosage effect on endogenous GFAP transcription was also investigated. At 133 nM, a concentration significantly below the IC50 value (31 μM), GFAP transcription was significantly suppressed to 34% of the control level, suggesting that EGCG is a potent inhibitor of GFAP transcription in HSCs (Fig. 4C) . The minimum concentration of EGCG capable of causing significant inhibition of GFAP transcription was not systematically investigated in the current study. On the other hand, no further suppression was observed with increasing concentrations up to 20 μM.
EGCG attenuated GFAP elevation induced by TGF-ß1 or PDGF-BB.
We recently reported that the expression of endogenous and transgenic GFAP was induced by TGF-ß1 in a dose-and time-dependent manner in the T6/GFAP-lacZ HSC line (2) . To investigate whether cytokine-induced elevation in GFAP-lacZ and GFAP can be attenuated by EGCG, cells were subject to 1 or 10 ng/ml of TGF-ß1 treatment either sequentially or concurrently with different concentrations of EGCG for various time points prior to assaying for ß-galactosidase activity and GFAP mRNA. For comparison purpose, assay values from cells treated with TGF-ß1 or PDGF-BB alone were normalized to 1 for all attenuation experiments. As shown in Fig. 5A, ß- A B Figure 6 . (A) Attenuation of PDGF-induced GFAP-lacZ activation by EGCG. T6/GFAP-lacZ cells were subjected to different treatments and ß-galactosidase activity was assayed. From left to right: column 1, vehicle control; column 2, 10 ng/ml PDGF-BB for 48 h; column 3, 10 ng/ml PDGF for 48 h followed by 20 μM of EGCG for an additional 2 h; and column 4, 20 μM of EGCG and 10 ng/ml PDGF for 50 h. Data are presented as mean ± SEM. n=6, * P<0.01, ** P<0.001. (B) Attenuation of PDGF-induced GFAP mRNA expression. T6/GFAP-lacZ cells were subjected to different treatments and mRNA was quantified by realtime RT-PCR. From left to right: column 1, vehicle control; column 2, 10 ng/ml PDGF for 24 h; column 3, 10 ng/ml PDGF for 24 h followed by 10 μM of EGCG for an additional 24 h; and column 4, 10 μM of EGCG and 10 ng/ml PDGF for 48 h. Data are presented as mean ± SEM. n=6, * P<0.05, ** P<0.001.
10 ng/ml of TGF-ß1 for 24 h showed a trend of attenuation (87% of the control, but not statistically significant) after a sequential incubation with 20 μM of EGCG for an additional 2 h. However a significant attenuation (66% of the control, P<0.005) was observed for the TGF-ß1-treated cells concurrently incubated with 20 μM of EGCG for 26 h (Fig. 5A) . Similarly endogenous GFAP mRNA levels were significantly suppressed to 45% of the control (P<0.001) in the sequential treatment scheme (1 ng/ml of TGF-ß1 for 48 h, followed by 5 μM of EGCG for an additional 8 h) and to 29% of the control (P<0.001) in the concurrent scheme (1 ng/ml of TGF-ß1 together with 5 μM of EGCG for a total of 56 h), as shown in Fig. 5B . In addition to TGF-ß1 induction (2), we also showed here that another pro-fibrotic cytokine (i.e., 10 ng/ml of PDGF-BB) could induce the transgenic GFAP-lacZ expression by 24% (P<0.01) (Fig. 6A ) and the endogenous GFAP by 53% (P<0.05) (Fig. 6B) in the T6/GFAP-lacZ cells after being cultured for 48 and 24 h respectively in low serum DMEM. More importantly, the PDGF-induced GFAP elevation was greatly suppressed to 60% of the transgenic control (P<0.001; Fig. 6A ) and 8% of the endogenous control (P<0.001; Fig. 6B ) after incubation with 10 μM of EGCG for two days.
Genistein suppressed GFAP expression. Previous studies have shown that genistein inhibited collagen synthesis and cell proliferation in HSCs (5,7). To investigate whether genistein would exert any influence on the expression of GFAP, the T6/GFAP-lacZ cells were treated with various concentrations of genistein for 4, 8, 24 and 48 h and assayed for ß-galactosidase activity and GFAP mRNA. As shown in Fig. 7A , genistein inhibited the GFAP-lacZ transgene expression in a dose-and time-dependent manner, however less potently than EGCG. Nevertheless, both compounds started to inhibit the transgene expression after only 2-4 h of incubation (Figs. 4A and 7A). The largest suppression (65% of the control) was seen for 40 μM of genistein at 24 h (Fig. 7A) . By a time-course study of GFAP mRNA, a strong suppression (Fig. 7B) was observed for the cells treated with 20 μM of genistein starting from 8 h (23% of the control; P<0.001) and lasting to at least 72 h (43% of the control; P<0.001). At a lower dose of genistein (10 μM), effects were less predictable, ranging from suppression at 24 h to induction at 72 h. A follow-up dose experiment confirmed that the reliable inhibitory concentration of genistein should be >10 μM, e.g., at the 20-40 μM range (Fig. 7C) .
Genistein attenuated GFAP elevation induced by TGF-ß1 or PDGF-BB.
When 40 μM of genistein and 10 ng/ml of TGF-ß1 were concurrently introduced into the T6/GFAP-lacZ cells for 48 h, transgenic ß-galactosidase activity was decreased to 43% of the TGF-ß1-alone control (P<0.005), whereas the suppressing effect was negligible in the sequential genistein treatment scheme (Fig. 8A) . Reminiscently the TGF-ß1-induced GFAP transcription was effectively blocked by 20 μM of genistein in either the sequential (26% of the control; P<0.001) or the concurrent (14% of the control; P<0.001) treatment scheme (Fig. 8B) . Finally, 40 μM of genistein was also found to be quite effective in attenuating the PDGF-BBinduced elevation in the ß-galactosidase activity, down- regulating to 79% (P<0.005) and 48% (P<0.001) of the PDGF-BB-alone control in the sequential and the concurrent schemes respectively (Fig. 9A) . For endogenous GFAP, the transcription was inhibited even more dramatically by a lower concentration of genistein (20 μM) to 8.6% (P<0.001) and 6% (P<0.001) of the PDGF-BB-alone control in the sequential and the concurrent schemes respectively (Fig. 9B) .
EGCG attenuated GFAP and AP-1 proteins.
To investigate whether the EGCG-mediated suppression in the endogenous GFAP mRNA was reflected at the protein level, total proteins were extracted from the T6/GFAP-lacZ cells treated with various concentrations of EGCG (from 0 to 20 μM) for 24 h, and analyzed using Western blotting to estimate the GFAP level. As shown in Fig. 10A , the GFAP protein level was indeed decreased, in a dose-dependent manner, to 60% of the untreated control. Importantly the major marker for HSC activation and transdifferentiation, SMAA (smooth muscle ·-actin), was also significantly suppressed by 20 μM of EGCG, 22% of the untreated control. It was interesting to note that the SMAA fiber assembly in an immortalized human HSC cell line TWNT-4 seemed to be influenced by the EGCG treatment (9) . However no quantitative change in SMAA level was detected in non-immortalized parental human HSCs (i.e., the LI90) after treatment with 10 μM of EGCG for up to 72 h (8) . T6/GFAP-lacZ cells were subjected to different treatments: left column, 10 ng/ml TGF-ß1 for 24 h; middle column, 10 ng/ml TGF-ß1 for 24 h followed by 40 μM of genistein for an additional 24 h; and right column, 40 μM genistein and 10 ng/ml TGF-ß1 for 48 h; and ß-galactosidase activity was assayed. Data are presented as mean ± SEM. n=6, * P<0.005 when compared to 10 ng/ml TGF-ß1 treated alone (left column). (B) Attenuation of TGF-ß1-induced GFAP mRNA by genistein. T6/GFAP-lacZ cells were subject to different treatments and the GFAP mRNA level was quantified with real-time RT-PCR. Left column, 1 ng/ml TGF-ß1 for 48 h; middle column, 1 ng/ml TGF-ß1 for 48 h followed by 20 μM of genistein for an additional 8 h; and right column, 20 μM of genistein and 1 ng/ml TGF-ß1 for 56 h. Data are presented as mean ± SEM. n=6, * P<0.001, when compared to 1 ng/ml TGF-ß1 treated alone sample (left column).
A B Figure 9 . (A) Attenuation of PDGF-BB-induced T6/GFAP-lacZ activation by genistein. T6/GFAP-lacZ cells were subjected to different treatments, from left to right: column 1, vehicle control; column 2, 10 ng/ml PDGF-BB for 48 h; column 3, 10 ng/ml PDGF-BB for 48 h followed by 40 μM of genistein for an additional 24 h; and column 4, 40 μM of genistein and 10 ng/ml PDGF-BB for 72 h. Data are presented as mean ± SEM. n=6, * P<0.005, ** P<0.001. (B) Attenuation of PDGF-BB-induced GFAP mRNA elevation by genistein. T6/GFAP-lacZ cells were subjected to different treatments, and the endogenous GFAP mRNA level was quantified with real-time RT-PCR. From left to right: column 1, vehicle control; column 2, 10 ng/ml PDGF for 24 h; column 3, 10 ng/ml PDGF for 24 h followed by 20 μM of genistein for an additional 24 h; and column 4, 20 μM of genistein and 10 ng/ml PDGF for 48 h. Data are presented as mean ± SEM. n=6, * P<0.005, ** P<0.001.
In contrast, fos-B was expressed at a much lower level (not shown). More interestingly the two strongly interacting partners (c-jun and c-fos) were significantly down-regulated by 50% by a treatment with 20 μM of EGCG for only 2 h, while changes seen for the other members were less impressive. In contrast to AP-1, NFκB was not suppressed, but instead increased slightly under the EGCG treatment regime (Fig. 10C) , for which there was no ready explanation. (62% of the untreated control), while the effect on SMAA was less pronounced (Fig. 11A) . Similarly genistein exerted significant inhibition on AP-1 signaling, with primary effects seen on the c-jun and c-fos members, while its effects on other transcription factors were more complex, ranging from induction to inhibition by roughly 50% in either direction (Fig. 11B) . In contrast to EGCG, genistein (40 μM for 24 h) decreased the NFκB level by ~30% (Fig. 11C) .
Genistein similarly attenuated GFAP, AP-1 and
Transcription factors bound to AP-1 and NFκB sites on the GFAP promoter. To find out whether the transcription factors expressed in the T6/GFAP-lacZ cells were functional, DNA oligonucleotides (Table I) designed from rat GFAP promoter (11, 12) and from the 2.2-kb human GFAP (13) were synthesized for performing EMSA (electrophoresis mobility shift assay) experiments using nuclear extracts from the T6/GFAP-lacZ cells. As illustrated in Fig. 12A , for AP-1 binding both the rGFAP promoter oligo and hGFAP promoter oligo 2, which differed from each other by a single base pair in the non-consensus region, displayed a similar binding intensity and pattern. In addition, hGFAP promoter oligo 1 (with only three base pairs 3' to the binding consensus) showed a significant decrease in binding, whereas hGFAP promoter oligo 3 (containing AP-1 and NF-1 sites from -1593 to -1565) showed a significant increase in gel shift signal, suggesting a cooperative binding between AP-1 and NF-1, and reminiscent of an earlier observation for NF-1-like factor and CRF (cAMP-responsive element binding factor) in rat liver nuclear extracts (14) . It has been shown that NF-1, especially in cooperation with AP-1, is critical to GFAP expression in astrocytes (12, 15, 16) . In contrast to the AP-1 site, the NFκB binding consensus in the rat GFAP promoter was different from that in the 2.2-kb hGFAP promoter and the positive control (SC oligo, Table I ). This difference could contribute largely to the favorable binding to rat oligo by endogenous rat NFκB transcription factors (Fig. 12B) .
Discussion
EGCG significantly suppressed GFAP via AP-1 signaling.
We showed here for the first time that EGCG suppressed both GFAP-lacZ (Fig. 4A ) and endogenous GFAP (Fig. 4B and C) in HSC in a time-and dose-dependent manner. It was noted that the suppression occurred within the initial 2-8 h (Fig. 4A and B) . This acute response could be partially due to rapid blocking of PDGF-ßR phosphorylation via AP-1 signaling (6), whereas longer suppression (up to 48 h, Fig. 4A and B) could be attributed to a more direct interference of EGCG with AP-1 complex assembly (6) Nuclear protein extracts (10 μg) from T6/GFAP-lacZ cells were used to bind with oligos, human GFAP promoter and rat GFAP promoter (Santa Cruz Biotechnology). Lanes 1, 4, and 7 were biotinylated oligos alone; lanes 2, 5, and 8 were nuclear extracts plus labeled oligos; lanes 3, 6, and 9 were mixtures of nuclear extracts, labeled oligos and 200 folds of excessive unlabeled oligos.
of PDGF-BB to PDGF-ßR on the surfaces of HSCs (8) . At the protein level, both GFAP and SMAA were significantly decreased after incubation with EGCG of various concentrations (Fig. 10A) . Another observation was that EGCG at a concentration as low as 133 nM was capable of inhibiting endogenous GFAP mRNA by as much as 66% in 48 h (Fig. 4C) . It was interesting to note that the concentration of 133 nM is lower than the maximum concentration (326 nM) of EGCG in human plasma after drinking 3 g of green tea (10), therefore physiologically relevant.
We previously showed that TGF-ß1 induced GFAP expression in HSCs (2). Here we provided evidence that another pro-fibrotic cytokine PDGF-BB could also induce GFAP expression in the same HSC cell line on a similar scale ( Fig. 6A and B) . Crucially the elevation in the endogenous or in the transgenic GFAP as induced by TGF-ß1 (Fig. 5A and B) or PDGF-BB (Fig. 6A and B) was effectively suppressed by EGCG in a time-and dose-dependent manner. We speculated here that many of the pro-fibrogenic cytokines and EGCG share the same multiple signaling pathways (17) . Consequently the net effects of EGCG suppression (especially in the concurrent treatment scheme with EGCG and cytokine) through different pathways could be directly and indirectly converged at the AP-1 signaling juncture. An AP-1 binding site was identified in the B box region (-1612 to -1489 bp) of the 2.2-kb hGFAP promoter (13) . A binding site was also reported in the 1.9-kb rat GFAP promoter (12) . It was shown in the current study that the expression of two strong heterodimers (c-jun and c-fos), but not other members of the AP-1 complex, were significantly suppressed by acute (2 h) treatment with EGCG (Fig. 10B) . It was reported that the AP-1 level was either very low or absent (19) in freshly isolated quiescent HSCs, but greatly elevated in activated HSCs (18) (19) (20) . In this sense, EGCG treatment 'reverted' activated HSC-T6 cells back to a less activated state. By this scenario, the degree of HSC activation prior to transdifferentiated to myofibroblasts (MFBs) in vitro could be hypothetically ranked according to GFAP (or GFAP-lacZ) expression level in the following order: (fresh HSCs) < (cultured HSCs + EGCG) < (cultured HSCs) < (cultured HSCs + profibrotic cytokine + EGCG) < (cultured HSCs + pro-fibrotic cytokine). Finally NFκB expression was not suppressed by EGCG treatment for 2 h (Fig. 10C) , suggesting NFκB could be a slower component in mediating EGCG suppression.
Genistein suppressed GFAP via AP-1 signaling. Genistein signals through the RTK pathway and by inhibiting tyrosine kinase, CDK, and P53 etc., inhibits cell proliferation and enhances apoptosis. Compared to EGCG, less is known about genistein for its effects on HSCs. Nevertheless there is evidence that genistein inhibited HSC proliferation, and expression of SMAA and ·1(I) collagen in HSCs, presumably through suppression of AP-1 activity (5,7). In addition, the AP-1-suppressing effect by genistein is also documented in human breast cancer cell lines (21) , indicating that genistein signaling through AP-1 is not a restricted phenomenon in HSCs. We showed here that treatment with genistein (40 μM for 24 h) attenuated the expression level of GFAP and SMAA (Fig. 11A) and AP-1 transcription factors (Fig. 11B) . Similarly genistein attenuated GFAP expression, though less robustly, through multiple pathways used by EGCG (such as RTK, ERK and Akt), and its signaling consequence could also be largely integrated at the AP-1 juncture, with minor signaling at the NFκB juncture (Fig. 11C) . It was noted that an NFκB binding site existed at the immediate region (approximately -60 to -80 bp) in both the 2.2-kb hGFAP (13) and the rGFAP (12) promoters.
GFAP promoter shares many binding sites with other profibrogenic gene promoters. The 2.2-kb hGFAP promoter is enriched with multiple binding sites for transcriptional factors and cytokines, such as AP-1, AP-2, Sp-1, NF-1, NFκB, TßRE, and CRE (13), which may be necessary for conferring specificity and responsiveness seen in astrocytes (13, 22, 23) , and more recently in HSC (2) . Particularly the AP-1 binding site was also found in the promoter regions of other HSC biomarkers, such as vimentin (24) and SMAA (25) . Furthermore many of these binding sites were present in major genes directly implicated in hepatic fibrosis. For example, binding sites for AP-1, AP-2, Sp-1, NF-1 and CRE have been documented for collagen (COL1A1 and COL1A2) promoters (26) (27) (28) (29) (30) . Both pro-fibrotic activators (e.g., PDGF-BB and leptin) and anti-fibrotic inhibitors (e.g., N-acetyl-Lcysteine) were shown to signal through these sites in HSCs (20, 29) . Additional pro-fibrogenic genes with AP-1 binding site in their promoters for activation include laminin (31) (32) (33) , fibronectin (34) , and TIMP-1 (19) .
GFAP as a biomarker for screening anti-fibrotic and antiinflammatory agents.
Based on the literatures and our current observations, it seems that GFAP's position in HSC activation/ inhibition is parallel with other fibrogenic endpoint molecules, such as collagen, fibronectin, laminin and SMAA. More critically the GFAP promoter not only contains a comprehensive set of binding sites relevant to HSC activation and inhibition, but also at the same time preserves cellularexpression specificity for HSC (2) and responsiveness to both fibrogenic activators and inhibitors (current study). Rooted in these observations, we would propose GFAP (and its transgenic surrogate) as a broad-based biomarker for studying HSC activation and inhibition. It is envisioned that a HSCbased, high-throughput system can be constructed using the GFAP promoter in conjunction with a real-time reporter for first-tier screening of anti-fibrotic compounds and protein inhibitors.
It is important to bear in mind that the NFκB binding site (-80 to -60 bp) in the 2.2-kb hGFAP promoter did not fully capture NFκB signaling in the heterogeneous transenvironment, especially when compared to the full-length rat endogenous GAFP gene (Fig. 12B) . Implications of this observation are that for profiling anti-inflammatory inhibitors (presumably signaling through the NFκB), it is best to use the 2.2-kb hGFAP promoter in a human cell line, or conversely to mutate the human NFκB site using the rat consensus for fully realizing the screening potential.
Finally, the precise role of GFAP, as well as other members of intermediate filaments (desmin, vimentin and nestin), in the pathobiology of hepatic fibrosis remains to be demonstrated, though it was shown that different members of the intermediate filament family are required to assemble into normal intermediate filament bundles in HSCs (35) . If members of this family could be causatively implicated in hepatic fibrogenesis, they would represent additional direct targets for the development of future anti-fibrotic therapies.
